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(54) Electric generating system for automobiles and its control method 



(57) The present invention relates to a vehicle driv- 
ing apparatus capable of providing a sufficient driving 
force. A driving high-power generator (44) is driven by 
an engine (20). A DC motor (30) is driven directly by 



energy from the generator (44). A driving generator out- 
put voltage control circuit (60) controls output voltage of 
the generator (44) in accordance with the demanded 
driving force from the vehicle (10) to control the motor 
(30). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a vehicle driv- 5 
ing apparatus for driving four wheels of the vehicle using 
an engine and an electric motor. 
[0002] The conventional vehicle driving apparatus 
has been known, for example, from JP-A No. Hei 9-2090 
(published in 1997), wherein a driving battery is utilized, 10 
and only at a low \l road for which start assistant is nec- 
essary, a 1 2-V alternator and a 1 2-V battery for ancillar- 
ies are combined to operate a motor. Further, as is 
known, for example, from JP-A No. Hei 7-231508 (pub- 
lished in 1995), which discloses a system for driving a 
motor in combination with a 12-V alternator and a 12-V 
battery for ancillaries. 

[0003] However, the conventional system having, as 
a power source, a 1 2-V generator and a 1 2-V battery for 
ancillaries has a problem that electric energy that can 20 
be brought from the 12-V battery (for ancillaries) is 
small, and the period used for 4 WD running is limited so 
that for the continuous up-hills, high power need be sup- 
plied for a long period of time, failing to exhibit sufficient 
performance. 25 
[0004] It is an object of the present invention to pro- 
vide a vehicle driving apparatus capable of providing the 
sufficient driving force. 

SUMMARY OF THE INVENTION 30 
[0005] 

(1) To achieve the aforementioned object, the 
present invention provides a vehicle driving appa- 35 
ratus comprising: a first generator driven by an in- 
ternal combustion engine, the first generator being 
provided separately from a second generator for 
ancillaries for supplying electric power to ancillaries 

of the vehicle; a motor directly driven by energy from 40 
the first generator; and control means for controlling 
output voltage of the first generator in accordance 
with a driving force requested from the vehicle to 
control the motor, wherein one wheels of front 
wheels and rear wheels of the vehicle are.driven by 
the internal combustion engine while the other 
wheels of the front wheels and the rear. .wheels of 
the vehicle are driven by the motor. 

With the constitution as described above, the 
exclusive-use generator and motor are used to ob- so 
tain the sufficient driving force. 

(2) Preferably, electric power supplied to the motor 
is supplied only from output of the first generator. 

(3) Preferably, output voltage of the first generator 

is controlled by field current control of the first gen- 55 
erator to control a driving force generated by the 
motor. 

(4) Preferably, when electric power is not supplied 



to the motor, the first generator supplies electric 
power to other electric loads. 

BRIEF DESCRIPTION OF THE DRAWUBGS 

[0006] 

FIG. 1 is a system constitutional view showing the 
whole constitution of a 4-wheel drive vehicle using 
a vehicle driving apparatus according to one em- 
bodiment of the present invention; 
FIG. 2 is a block diagram showing the constitution 
of the vehicle driving apparatus according to one 
embodiment of the present invention; 
FIG. 3 is a system block diagram of a control system 
for the vehicle driving apparatus according to one 
embodiment of the present Invention; and 
FIG. 4 is a characteristic view of a high -power gen- 
erator used in the vehicle driving apparatus accordr 
ing to one embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0007] The constitution and operation of the vehicle 
driving apparatus according to one embodiment of the 
present invention will be described hereinafter with ref- 
erence to FIGS. 1 to 4. 

[0008] First, the whole constitution of a 4-wheel drive 
vehicle using a vehicle driving apparatus according to 
one embodiment of the present invention will be de- 
scribed with reference to FIG. 1 . 
[0009] FIG. 1 is a system constitutional view showing 
the whole constitution of a 4-wheel drive vehicle using 
a vehicle driving apparatus according to one embodi- 
ment of the present invention. 

[0010] A 4-wheel drive vehicle 1 0 is provided with an 
engine 20 and a DC motor 30. The driving force of the 
engine 20 is transmitted to front wheels 26A, 26B 
through a transmission 22 and first axles 24A, 24B to 
drive the front wheels 26A, 26B. The driving force of the 
DC motors 30 is transmitted to rear wheels 36A, 36B 
through, a clutch 32, a differential gear 33 and second 
axles 34A, 34B to drive the rear wheels 36A, 36B. When 
the differential gear .33 and the clutch 32 are connected, 
the rotating force of the DC motor 30 is transmitted to 
rear wheel axles 34A, 34B through the clutch 32 and the 
differential gear 33 to drive the rear wheels 36A, 36B. 
When the clutch 32 is disengaged, the DC motor 30 is 
mechanically separated from the rear wheels 36A, 36B, 
so that the rear wheels 36A, 36B do not transmit the 
driving force to the road surface. For the DC motor, for 
example, a DC shunt-wound motor which is easily 
switched from a forward operation to a reverse opera- 
tion and vice versa or a separately excited DC motor is 
used. 

[0011] While in the foregoing, a description has been 
made of the 4-wheel drive vehicle in which the front 
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wheels 26A, 26B are driven by the engine 20, and the 
rear wheels 36A, 36B are driven by the DC motor 30, it 
is noted that the front wheels may be driven by the DC 
motor, and the rear wheels may be driven by the engine, 
and further, it can be also applied to vehicles in excess 
of 6-wheel such as a truck, and traction vehicles such 
as a trailer. 

[0012] Within the engine room are arranged a gener- 
ator for ancillaries (ALT1) 40 for performing normal 
charging and generation system and a battery for ancil- 
laries 42, and output of the generator for ancillaries 40 
belt-driven by the engine 20 is stored in the battery for 
ancillaries 42. Further, a driving high-power generator 
(ALT2) 44 belt-driven by the engine 20 is disposed in 
the vicinity of the generator for ancillaries 40. The DC 
motor 30 is driven by output of the driving high-power 
generator 44. The generator 40 is, for example, a gen- 
eral generator of about 12V, 2kW, and the driving high- 
power generator 44 is a generator capable of obtaining 
higher power than that of the generator for ancillaries 
40, for example, a generator of about 36V, 6kW. 
[0013] Output of the engine 20 is controlled by an 
electronically controlled throttle valve 52 driven by a 
command issued from an engine control unit (ECU) 50. 
The electronically controlled throttle valve 52 is provided 
with an accelerator opening-degree sensor 54 to detect 
an opening-degree of the accelerator. Where an accel- 
erator pedal of a mechanical link and a throttle valve are 
used in place of the electronically controlled throttle 
valve, an accelerator opening-degree sensor can be 
provided on the accelerator pedal. Further, ECU 50 con- 
trols the transmission 22. The transmission 22 is an au- 
tomatic transmission, which is automatically controlled 
so as to provide a gear ratio selected by a selection lever 
23. The position of the selection lever 23 is detected by 
a gear position detection sensor 25. It is noted that the 
transmission 22 may be a manual transmission. 
[001 4] Brakes 28A, 28B, 38A and 38B provided on the 
front wheels 26A, 26B and the rear wheels 36A, 36B, 
respectively, are provided with anti-lock brake (ABS) ac- 
tuators 29A, 29B, 39A and 39B controlled by an anti- 
lock brake (ABS) control unit 55. Further, the front 
wheels 26A, 26B and the rear wheels 36A, 36B, respec- 
tively, are provided with rotation sensors 56A, 56B, 58A 
and 58B for detecting the rotational speed and the rota- 
tional direction. The rotation sensors 56A, 56B, 58A and 
58B are provided every wheel, but may be disposed on 
one of or both the front wheel axle and the rear wheel 
axle. 

[0015] A driving generator output voltage control cir- 
cuit (GCU) 60 calculates vehicle speeds on the basis of 
the rotational speed of the wheels 26A, 26B, 36A and 
36B detected by the rotation sensors 56A, 56B, 58A and 
58B, and controls the driving high-power generator 44 
and the DC motor 30 on the basis of the calculated ve- 
hicle speeds. The details of the control by the GCU 60 
will be described referring to FIG. 3. 
[0016] In the following, the constitution of the vehicle 
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driving apparatus according to the present embodiment 
will be described with reference to FIG. 2. FIG. 2 is a 
block diagram showingthe vehicle driving apparatus ac- 
cording to one embodiment of the present invention, 

5 showing an example of circuits for power supply and 
controls. The same reference numerals as those of FIG. 
1 indicate the same parts. In the figure, with respect to 
the connection between .the blocks, the solid line indi- 
cates a connection of power supply, and the broken line 

io indicates a connection for controls. Input into an output 
voltage control circuit for a driving generator (GCU) 60 
are information on the rotational speed and rotational 
direction of the wheels 26A, 26B, 36A, 36B detected by 
the rotation sensors 56A, 56B, 58A and 58B, information 

is on an accelerator opening-degree detected by the ac- 
celerator opening-degree sensor 54, and information on 
the gear position detected by the gear position detection 
sensor 25. 

[0017] GCU 60 outputs the command value of output 
20 voltage to the driving high-power generator (ALT2) 44 
to control the output voltage of the high-power generator 
44 so that the DC motor 30 is controlled. GCU 60 con- 
trols a field current to flow into a field winding 31 of the 
DC motor 30 so as to directly control the DC motor, thus 
25 improving the lowering of response resulting from that 
the DC motor 30 is controlled by the high-power gener- 
ator 44. 

[0018] The driving generator output voltage control 
circuit (GCU) 60 is provided with an I/O circuit 61 , an A/ 

30 D converter 62, a micro processor (MPU) 63, an I/O cir- 
cuit 64, a H bridge driver 65 and a H bridge circuit 66. 
Gear position information detected by the gear position 
detection sensor 25 is fetched into the MPU 63 through 
the I/O circuit 61 . Information of the rotational speed and 

35 rotational direction of the wheels 26A, 26B, 36A, 36B 
detected by the rotation sensors 56A, 56B, 58A and 
58B : and information of an accelerator opening-degree 
detected by the accelerator opening-degree sensor. 54 
are fetched into the MPU 63 through the A/D converter 

40 62. The MPU 63 is provided with a memory for holding 
programs and data for controlling the CPU and the mo- 
tor, calculates vehicle speeds in accordance with the in- 
put information, calculates . output voltage value of the 
driving high-power generator 44 to supply it from the I/ 

45 o circuit 64 to the driving high-power generator (ALT2) 
44, to control the output voltage value generated. The 
MPU 63 regulates a field current flowing into the field 
winding 31 of the DC motor 30 in the H bridge circuit 66 
through the H bridge driver 65. When the vehicle is 

50 moved back, a field circuit is caused to flow in the direc- 
tion opposite to that of the forward operation by the H 
bridge circuit 66 to obtain the reverse driving force sim- 
ilar to that of the advance of the vehicle. Further, the 
MPU 63 produce connection and disconnection signals 

55 for the clutch 32 to feed it from the I/O circuit 64 to the 
clutch 32. 

[0019] While in the foregoing, each sensor signal is 
directly input into the driving generator output voltage 



EP1 127 735 A2 



BNSDOCID: <EP 1 127735A2_L> 



EP 1 127 735 A2 




BNSDOCID: <EP 1 127735A2J_> 



6 



EP1 127 735 A2 




BNSDOCID: <EP. 



.1127735A2_I_> 



EP 1 127 735 A2 



! 








q 








s 



i L UJ 



CD 



o 

CO 









SsC 






CD 






<c 






CO 






a 




CM 


LU 
UJ 






u. 










< 


LU — 1 

oo 












1— K— 












<=> <Z> 















> 

UJ 
O 

o 
> 




o 

CD 



o 

CO 



3 

o 
o 



o 












O 




o 




-< 


CM 




CO 


uj ■<: uj 


LU CO 


CO 


LU CO 


<0 

s 




—J 1— CD 


—If— CD 




CD 52= LU 


ozu 


1— CkS 


— OUJ 


OLU 


-J LU O O 


ZC 0£ O- 




ZC£k£0_ 




CD ZD CO I— 


LU LU CO 




LU LU CO 




>• —J 


>- 




>- 






2S — 1 





S I 


> 


LU>OLUH 


LU CD LU 




UJOUJ 




u- h— 1— - ZD 


f— 0£ LU 




1 — Q£ LU 




<a<<a. 


-«C LU ZC 




<U-X 




— IZZ-JH 


I ^ 




—J & 




zxasz) 


ZD CD 




ZD CD 




OSLUOO 


olu a; 




CJLUQ^ 




-j 51 1— -j 


!UJ< 




ILU< 




-*x: cd — i -< co 


-< Q- LU 




<CLUJ 




CJ>CJ>-<C-> — 






C_> CO CxZ. 







BNSDOCID: <EP 1 127735A2J_> 



8 



1 



EP 1 127 735 A2 




i- CVJ 

> > 
(a)39viioa mdino 



BNSDOCID: <EP 1127735A2J_> 



9 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(ID EP1 127 735 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

03.04.2002 Bulletin 2002/14 

(43) Date of publication A2: 

29.08.2001 Bulletin 2001/35 

(21) Application number: 01104408.8 

(22) Date of filing: 26.02.2001 



(51) mtci7: B60L 11/12, B60K 6/02, 
B60K 41/00, B60K 17/356 



(84) Designated Contracting States: 


• Mashino, Keiichi 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Hitachinaka-shi, Ibaraki 312-0014 (JP) 


MC NL PT SE TR 


• Maeda, Yuuji 


Designated Extension States: 


Hitachiota-shi, Ibaraki 313-0049 (JP) 


AL LT LV MK RO SI 


• Tajima, Susumu 




Hitachinaka-shi, Ibaraki 312-0024 (JP) 


(30) Priority: 28.02.2000 JP 2000051826 


• Shimizu, Hisaya 




Hitachinaka-shi, Ibaraki 312-0063 (JP) 


(71) Applicant: Hitachi, Ltd. 


• Nishidate, Keisuke 


Chiyoda-ku, Tokyo 101-8010 (JP) 


Hitachinaka-shi, ibaraki 312-0063 (JP) 


(72) Inventors: 


(74) Representative: Beetz & Partner Patentanwalte 


• Yamamoto, Tatsuyuki 


Stein sdorfstrasse 10 


Hitachinaka-shi, Ibaraki 312-0062 (JP) 


80538 Munchen (DE) 


• Fukasaku, Yoshinori 




Hitachinaka-shi, Ibaraki 312-0001 (JP) 





(54) Electric generating system for automobiles and its control method 



(57) The present invention relates to a vehicle driv- 
ing apparatus capable of providing a sufficient driving 
force. A driving high-power generator (44) is driven by 
an engine (20). A DC motor (30) is driven directly by 



energy from the generator (44). A driving generator out- 
put voltage control circuit (60) controls output voltage of 
the generator (44) in accordance with the demanded 
driving force from the vehicle (10) to control the motor 
(30). 



FIG. 1 



CO 

< 

in 

CO 
CM 



Q. 

LU 



29A 



50 v 




26B 26B 29B 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP 1127735A3J_> 



EP 1 127 735 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 4408 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.a.7) 



US 5 689 174 A (PACHECO SR ANGEL LUIS) 
18 November 1997 (1997-11-18) 

* column 2, line 66 - column 3, line 30; 
figure 3 * 

US 4 953 646 A (KIM CHANG H) 
4 September 1990 (1990-09-04) 

* column 1, Hne 64 - column 2, line 28 * 

EP 0 543 390 A (TOYOTA MOTOR CO LTD) 
26 May 1993 (1993-05-26) 

* column 4, line 17 - line 58 * 

FR 2 778 873 A (GUIMBRETIERE PIERRE) 
26 November 1999 (1999-11-26) 

* abstract; figure I * 

US 4 593 779 A (KROEHLING ERICH) 
10 June 1986 (1986-06-10) 

* abstract; figure 2 * 



1-4 



1.2 



B60L 11/12 
B60K6/02 
B60K41/00 
B60K 17/356 



TECHNICAL FIELDS 
SEARCHED (Urt.CI 7) 



B60L 
B60K 



The present search report has been drawn up for all claims 



Place of 

MUNICH 



Date of completion of the search 

28 January 2002 



Examiner 

Hascher, T 



CATEGORY OF CITED DOCUMENTS 

X : parti ail arty ratevarrt if taken alone 

Y : particularly relevant If combined wtth another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the ffiing date 
D : document cited In the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



2 



BNSDOCID: <EP 11 27735 A3_l_> 



EP 1 127 735 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 10 4408 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search report 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office Is In no way (table for these particulars which are merely given for the purpose of information. 

28-01-2002 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
data 



US 5689174 


A 


18-11-1997 


WO 


0030235 Al 


25-05-2000 


US 4953646 


A 


04-09-1990 


NONE 






EP 0543390 


A 


26-05-1993 


JP 


3044880 B2 


22-05-2000 








JP 


5146008 A 


11-06-1993 








DE 


69214602 Dl 


21-11-1996 








DE 


69214602 T2 


06-03-1997 








EP 


0543390 Al 


26-05-1993 








US 


5428274 A 


27-06-1995 


FR 2778873 


A 


26-11-1999 


FR 


2778873 Al 


26-11-1999 








EP 


1094960 Al 


02-05-2001 








WO 


9960190 Al 


25-11-1999 


US 4593779 


A 


10-06-1986 


NONE 







For more details about this annex : see Official JoumaJ of the European Patent Office, No. 12/82 



1127735A3J_ 



